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(57) Abstract : 

PROBLEM TO BE SOLVED: To surely generate oscillation inside a gas and 
inside a liquid. 

SOLUTION: An oscillation circuit 10 forms a closed loop with an 
amplifier circuit 20 and a feedback circuit 30. The amplifier circuit 20 
comprises a pair of amplifiers 22 and 24 working as the a buffers of the 
impedance, and a first phase shift circuit 26. The feedback circuit 30 is 
constituted of a second phase shift circuit 32 and a piezoelectric 
vibrator 34. The second phase shift circuit 32 can adjust the phase 
shift and the gain of the feedback circuit 30. The first phase-shift 
circuit 26 of the amplifying circuit 20, set between the amplification 
circuits 22 and 24, is separated from the second phase shift circuit 32 
in impedance, and can adjust the phase shift of the closed loop as a 
whole. 
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CLAIMS 



[Claim(s) ] 
[Claim 1] 

Two or more amplifier which served as the buffer of an impedance, 
It connects among these amplifier and is the 1st phase-shifting circuit 
which can adjust the phase of an oscillation loop formation, 
The feedback circuit connected to the input terminal of said amplifier 
to which the input side was connected to the output terminal of said 
amplifier which connected the output side of said 1st phase-shifting 
circuit, and the output side connected the input side of said 1st phase- 
shifting circuit, 

The 2nd phase-shifting circuit which can adjust the phase and gain of an 
oscillation loop formation in said feedback circuit, and the 
piezoelectric transducer connected to said 2nd phase circuit and serial, 
The oscillator circuit characterized by ****(ing). 
[Claim 2] 

In an oscillator circuit according to claim 1, 

Said 2nd phase-shifting circuit is an oscillator circuit characterized 
by having the tank circuit which resonates in the oscillation frequency 
of a piezoelectric transducer. 
[Claim 3] 

In an oscillator circuit according to claim 1 or 2, 

At least one side of said 1st phase-shifting circuit and said 2nd phase- 
shifting circuit is an oscillator circuit characterized by consisting of 
an armature-voltage control phase-shifting circuit which can adjust the 
phase of said oscillation loop formation based on the control voltage 
from the outside. 
[Claim 4] 



In an oscillator circuit according to claim 1 to 3, 

Said amplifier is an oscillator circuit characterized by being the 

differential amplifier which has an inversed input terminal, a non- 

inversed input terminal and a reversal output terminal, and a 

noninverting output terminal. 

[Claim 5] 

In an oscillator circuit according to claim 4, 

Said differential amplifier is an oscillator circuit characterized by 
being an emitter coupled logic circuit. 
[Claim 6] 

In an oscillator circuit according to claim 1 to 5, 

Said piezoelectric transducer is an oscillator circuit characterized by 
being either an AT cut quartz resonator, a reverse mesa mold AT cut 
quartz resonator or SAW vibrator. 
[Claim 7] 

It is the adjustment approach of an oscillator circuit according to 
claim 1 to 6, 

The gain and the phase operation process of asking for the gain and the 
phase of an oscillation loop formation in the oscillation frequency of 
said oscillator circuit about each when the circuit property of said 
oscillator circuit is measured and said piezoelectric transducer has 
been arranged in a gaseous phase and the liquid phase, 
The 1st phase adjustment process to which a phase adjusts phase 
conditions by 0 in the higher frequency range which it is not near the 
frequency of a principal vibration about each when the circuit constant 
of said 1st phase-shifting circuit of said oscillator circuit is changed 
and said piezoelectric transducer has been arranged in a gaseous phase 
and the liquid phase so that gain may become one or less, 
The 2nd phase adjustment process which is near said oscillation 
frequency and adjusts the phase of said oscillator circuit within the 
limits of the frequency from which a phase changes a lot at about 0 
times about each when the circuit constant of said 2nd phase-shifting 
circuit of said oscillator circuit is changed and said piezoelectric 
transducer has been arranged in a gaseous phase and the liquid phase, 
The gain control process which adjusts the gain of the oscillation loop 
formation of said oscillator circuit to one or more about each when the 
circuit constant of said 2nd phase-shifting circuit of said oscillator 
circuit is changed and said piezoelectric transducer has been arranged 
in a gaseous phase and the liquid phase, 

The adjustment approach of the oscillator circuit characterized by 
**** (ing) . 



[Claim 8] 

In the adjustment approach of an oscillator circuit according to claim 7, 
Said gain control process is the adjustment approach of the oscillator 
circuit characterized by making negative resistance into 3 or more times 
of the impedance of said piezoelectric transducer. 

[Claim 9] 

In the adjustment approach of an oscillator circuit according to claim 7 
or 8, 

Said each process is the adjustment approach of the oscillator circuit 
characterized by making said oscillator circuit open-loop and performing 
it. 

[Claim 10] 

The mass measuring device characterized by having an oscillator circuit 
according to claim 1 to 6. 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the mass measuring device which used it for a 
suitable oscillator circuit to oscillate the piezoelectric transducer 
which is built over the oscillator circuit for piezoelectric transducers 
especially, which is immersed into a liquid, and its adjustment approach 
list. 

[Background of the Invention] 
[0002] 

In recent years, the quartz-resonator microbalance (Quartz Crystal 
Microbalance :QCM) called the microbalance using the quartz resonator 



which is a piezoelectric transducer attracts attention. This QCM will 
use that an oscillation frequency falls, if the matter adheres to the 
electrode of a quartz resonator. And QCM has been applied to detection 
of the minute amount matter in large fields, such as medicine, 
biochemistry, food, and environmental measurement, from the place which 
can detect the mass below a nanogram (ng) as a biosensor, a chemical 
sensor, etc. 
[0003] 

For example, when using a quartz resonator as a mass measuring device, a 
quartz resonator may be immersed and used into a liquid. At this time, 
in air and a liquid, the effectual crystal impedance (it is hereafter 
written as "CI value") of a quartz resonator changes a lot, and CI value 
in a liquid becomes larger about 10 to 30 times than CI value in air. 
Since it becomes difficult to oscillate a quartz resonator so that CI 
value is large, even if it uses the circuit conditions which oscillate a 
quartz resonator in air, it becomes difficult to oscillate a quartz 
resonator in a liquid. Then, it enabled it to oscillate a quartz 
resonator also in a liquid by raising the amplification degree of an 
oscillator circuit conventionally (for example, patent reference 1). 
Moreover, the oscillator circuit which oscillates two or more quartz 
resonators with which fundamental frequency differs using the inverter 
which consists of a high speed CMOS by the same circuit is proposed 
(patent reference 2). However, only actuation in a gaseous phase is 
suggested by the patent reference 2. 
[0004] 

[Patent reference 1] JP, 11-163633, A (the paragraph number 0004, drawing 

i ) 

[Patent reference 2] JP, 2001-289765, A (paragraph number 0015) 

[Description of the Invention] 

[Problem(s) to be Solved by the Invention] 

[0005] 

An oscillator circuit may be oscillated on the frequency which is not 
the resonance frequency of vibrator even if it goes without going via 
vibrator if the oscillating condition of an oscillation loop formation 
is satisfied since it is the feedback circuit which forms an oscillation 
loop formation. For this reason, when amplification degree is enlarged 
like the patent reference 1, there is a problem such an unnecessary 
oscillation becomes easy to set. Moreover, an oscillator circuit is 
electrically connected to various circuits, when included in a actual 
circuit. For this reason, when amplification degree of an oscillator 
circuit is enlarged, it is difficult to obtain the oscillation 



stabilized only by producing an oscillation in the various circuits 
which are not equipped with vibrator, and increasing only amplification 
degree. 
[0006] 

CI value change of a piezoelectric transducer to the frequency in air 
and said CI value change in a liquid are shown in drawing 20 . Although 
CI value of the piezoelectric transducer oscillated by 148.25MHz in air 
is about 20ohms, CI value at the time of oscillating said piezoelectric 
transducer by 148. 25MHz in a liquid is set to about 300 ohms. Therefore, 
even if it is going to oscillate a piezoelectric transducer in a liquid 
using the circuit which applied the technique of the patent reference 2 
and was oscillated in air, it is difficult to oscillate. 
[0007] 

Moreover, change of the phase of the piezoelectric transducer to the 
frequency in air and change of said phase in a liquid are shown in 
drawing 21 . Said piezoelectric transducer changes [ be / it / under / 
air / setting ] rapidly [ a phase ] from -90 degrees +90 degrees in 
about 148. 25MHz. On the other hand, it also sets in a liquid not only in 
about 148. 25MHz but in the frequency range from 147. 8MHz to 148. 6MHz, 
and a phase is [ about ]. -From 90 degrees to about -It is 50 degrees 
and there is no rapid phase change. For this reason, by the patent 
reference 2, the inverter constitutes the amplifier and the phase in the 
output side of an amplifier always differs from the phase of an input 
side 180 degrees. If it puts in another way, the phase in the output 
side of amplifier and the phase of the input side of amplifier cannot be 
made into equiphase. 
[0008] 

This invention was made in order to cancel the fault of said 
conventional technique, and it aims at enabling it to oscillate 
certainly in a gas and a liquid. 
[0009] 

Moreover, this invention aims at enabling it to prevent certainly the 
unnecessary oscillation of parasitic oscillation, a spurious oscillation, 
a feedback oscillation, etc. , etc. 
[Means for Solving the Problem] 
[0010] 

Drawing 22 is the circuitry block diagram of an oscillator circuit. The 
oscillator circuit consists of an amplifying circuit and a feedback 
circuit, as shown in drawing 22 . If the oscillating condition of an 
oscillator circuit sets the feedback ratio of A and a feedback circuit 
to beta for the gain (gain) of an amplifying circuit, 



[0011] 

[Equation 1] 

R e (A J3) ^ 1 (Mtl&fr) 

[0012] 

[Equation 2] 

I m <A£) =0 



[0013] 

It comes out. Re (Abeta) and Im (Abeta) are the real part and imaginary 
part of complex amount Abeta here. 

Thus, in order for an oscillator circuit to oscillate, it is also 
required for making or more into one amplification degree which is power 
conditions, and coincidence to make the phase of an oscillation loop 
formation into 0 times. Then, it was made for an artificer to satisfy 
the phase conditions which are one of the oscillating conditions as 
effect to the gain of a feedback circuit (feedback loop) is made into 
min by establishing a phase circuit in an amplifying circuit and a 
feedback circuit, and adjusting the phase of the whole loop formation by 
the phase circuit in an amplifying circuit. 
[0014] 

Namely, two or more amplifier with which the oscillator circuit 
concerning this invention served as the buffer of an impedance, It 
connects among these amplifier. The 1st phase-shifting circuit which can 
adjust the phase of an oscillation loop formation, The feedback circuit 
connected to the input terminal of said amplifier to which the input 
side was connected to the output terminal of said amplifier which 
connected the output side of said 1st phase-shifting circuit, and the 
output side connected the input side of said 1st phase-shifting circuit, 
Into said feedback circuit, it is characterized by having the 2nd phase- 
shifting circuit which can adjust the phase and gain of an oscillation 
loop formation, and the piezoelectric transducer connected to said 2nd 
phase circuit and serial. 



[0015] 

This invention which is such adjusts the amount of phase shifts of the 
whole oscillation loop formation to a suitable value by the 1st phase- 
shifting circuit in order to reconcile the phase conditions of an 
oscillation and the gain conditions of an oscillation loop formation in 
gases, such as air, and a liquid. Moreover, an oscillation loop gain is 
acquired, and the reactance of the 2nd phase-shifting circuit 
established in the feedback circuit is adjusted so that the phase 
conditions for the stable oscillation may be acquired. And since it is 
separated in impedance with the 2nd phase-shifting circuit by the 
amplifier which has the buffer ability by impedance conversion, the 1st 
phase-shifting circuit can adjust the phase of the whole closed loop 
almost uninf luential in the gain property of a feedback circuit. The 
phase conditions and gain conditions of an oscillator circuit can be 
fulfilled so that it can be stabilized easily and certainly and a 
piezoelectric transducer can be oscillated in air and a liquid by this. 
[0016] 

A phase-shifting circuit can have the tank circuit which resonates in 
the oscillation frequency of vibrator. Thereby, even if it raises the 
amplification degree of an oscillation loop formation, the unnecessary 
oscillation of parasitic oscillation, a spurious oscillation, a feedback 
oscillation, etc. , etc. can be prevented. That is, when the frequency to 
input is the resonance frequency of a tank circuit, a tank circuit will 
carry out impedance lowering, if the impedance seen from the closed-loop 
side increases quickly and the frequency to input shifts from resonance 
frequency. For this reason, by making the resonance frequency of a tank 
circuit mostly in agreement with the oscillation frequency of a 
piezoelectric transducer, the amplification degree of the closed loop in 
frequencies other than the oscillation frequency of a piezoelectric 
transducer can fall, and the unnecessary oscillation of parasitic 
oscillation, a spurious oscillation, a feedback oscillation, etc. can be 
avoided. 
[0017] 

Based on the control voltage from the outside, the armature-voltage 
control phase-shifting circuit which can adjust the phase of an 
oscillation loop formation can constitute at least one side of the 1st 
phase-shifting circuit and the 2nd phase-shifting circuit. The impedance 
characteristic of the piezoelectric transducer in a liquid changes with 
the wettability of a liquid to the condition of a liquid, and a 
piezoelectric transducer, the contact condition of the liquid on the 
front face of a piezoelectric transducer, etc. Then, by making a phase- 



shifting circuit into an armature-voltage control phase-shifting circuit, 
an oscillator circuit can be tuned finely and the actuation in the 
liquid of an oscillator circuit can be stabilized. 
[0018] 

Moreover, amplifier may be differential amplifier which has an inversed 
input terminal, a non-inversed input terminal and a reversal output 
terminal, and a noninverting output terminal. An emitter coupled logic 
circuit can be used for this differential amplifier. And a piezoelectric 
transducer may be either an AT cut quartz resonator, a reverse mesa mold 
AT cut quartz resonator or SAW (Surface Acoustic Wave) vibrator. 
[0019] 

And the adjustment approach of the above-mentioned oscillator circuit 
concerning this invention The gain and the phase operation process of 
asking for the gain and the phase of an oscillation loop formation in 
the oscillation frequency of said oscillator circuit about each when the 
circuit property of said oscillator circuit is measured and said 
piezoelectric transducer has been arranged in a gaseous phase and the 
liquid phase, About each when the circuit constant of said 1st phase- 
shifting circuit of said oscillator circuit is changed and said 
piezoelectric transducer has been arranged in a gaseous phase and the 
liquid phase The 1st phase adjustment process which is near [ said ] the 
oscillation frequency and performs coarse control of the phase 
adjustment which sets an oscillation loop-formation phase to about 0, 
About each when the circuit constant of said 2nd phase-shifting circuit 
of said oscillator circuit is changed and said piezoelectric transducer 
has been arranged in a gaseous phase and the liquid phase the phase 
adjustment process which is near said oscillation frequency and sets an 
oscillation loop-formation phase to 0 near the resonance frequency of 
vibrator — and it is characterized by having the adjustment process 
adjusted so that the gain control process which adjusts the gain of an 
oscillation loop formation to one or more may be compatible. 
[0020] 

As for a gain control process, it is desirable to make negative 
resistance into 3 or more times of the impedance of a piezoelectric 
transducer. Thereby, a piezoelectric transducer can be oscillated 
certainly. Moreover, each process which adjusts an oscillator circuit is 
good to make an oscillator circuit open-loop and to perform it. Thereby, 
an oscillator circuit can be adjusted easily. 
[0021] 

And the mass measuring device concerning this invention is characterized 
by having the above-mentioned oscillator circuit. The mass measuring 



device which this stabilizes and oscillates by both with the inside of 
the above-mentioned gas and a liquid can be obtained, and reliable QCM 
etc. can be formed. 

[Best Mode of Carrying Out the Invention] 
[0022] 

The best gestalt of the mass measuring device which used it for the 
oscillator circuit concerning this invention and its adjustment approach 
list is explained to a detail according to an accompanying drawing. 
[0023] 

Drawing 1 is the block diagram of the oscillator circuit for 
piezoelectric transducers concerning the 1st operation gestalt. In 
drawing 1 , an oscillator circuit 10 has an amplifying circuit 20 and a 
feedback circuit 30. The amplifying circuit 20 consists of two or more 
amplifier 22 and 24 which served as the buffer of an impedance, and the 
1st phase-shifting circuit 26. The 1st phase-shifting circuit 26 is 
arranged between amplifier 22 and 24, the input side is connected to the 
output terminal of amplifier 22, and the output side is connected to the 
input terminal of amplifier 24. 
[0024] 

Moreover, the feedback circuit 30 consists of the 2nd phase-shifting 
circuit 32 and a piezoelectric transducer 34 linked to the input side of 
this 2nd phase-shifting circuit 32. The input side is connected to the 
output terminal of amplifier 24 through the piezoelectric transducer 34, 
and, as for the 2nd phase-shifting circuit 32, the output side is 
connected to the input terminal of amplifier 22. Therefore, the 
oscillator circuit 10 forms the closed loop by the amplifying circuit 20 
and the feedback circuit 30. And the buffer 12 for an output is 
connected to amplifier 24 and juxtaposition at the output side of the 
1st phase-shifting circuit 26 of an amplifying circuit 20. 
[0025] 

In addition, a piezoelectric transducer 34 may be connected to the 
output side of the 2nd phase-shifting circuit 32, i. e. , the input side 
of amplifier 22. Moreover, two or more phase circuit elements may 
constitute the 2nd phase-shifting circuit 32, and a piezoelectric 
transducer 34 may be installed into it. And the buffer 12 for an output 
may be connected to the output side of an amplifying circuit 20, i. e. , 
the output terminal of amplifier 24. 
[0026] 

The amplifying circuit which used the transistor, an operational 
amplifier (operational amplifier), the differential amplifier, an 
emitter coupled logic circuit (Emitter Coupled Logic :ECL), positive ECL 



(PECL), etc. can constitute the amplifiers 22 and 24 which served as the 
buffer of an impedance. And as a piezoelectric transducer 34, you may be 
a quartz resonator and LBO (Li2B 407: 4 boron acid lithium) vibrator. 
Moreover, piezoelectric transducers 34 may be AT cut vibrator, BT cut 
vibrator, GT cut vibrator, SC cut vibrator, a crystal filter and SAW 
vibrator, and an SAW filter. Next, the equal circuit and the example of 
a configuration of the 1st phase-shifting circuit 26 and the 2nd phase- 
shifting circuit 32 are explained. 

The equal circuit of the 2nd phase-shifting circuit 32 can also 
constitute the equal circuit of the 1st phase-shifting circuit 26 from 
the late phase circuit or resonance circuit which delays the phase 
leading circuit or phase which advances a phase. For example, drawing 2 
(l) - (3) is drawing showing an example of a phase leading circuit. 
Drawing 3 (1) - (3) is drawing showing an example of a late phase 
circuit. Moreover, drawing 4 (1) is drawing showing an example of a 
series resonant circuit, and drawing 4 (2) is a parallel resonant 
circuit. Furthermore, drawing 5 is the reactance control circuit of the 
armature-voltage control mold which used variable capacitance diode 40. 
Thus, the equal circuit of the 1st phase-shifting circuit 26 or the 
equal circuit of the 2nd phase-shifting circuit 32 can consist of 
drawing 2 in one circuit of the circuits shown by drawing 5 . 
[0027] 

Drawing 6 is the example of a concrete configuration of the 1st phase- 
shifting circuit 26, or the example of a concrete configuration of the 
2nd phase-shifting circuit 32. Drawing 6 (1) is the example constituted 
with the amplifier 200 linked to a serial. Here, with [ amplifier 200 ] 
one [ or more ], it is good without limit. Drawing 6 (2) is the example 
constituted by the delay element. Distributed constant components, such 
as variable capacitance diode and a thermistor, can constitute a delay 
element. Drawing 6 (3) is the example which constituted the 1st phase- 
shifting circuit 26 or the 2nd phase-shifting circuit 32 from a line. As 
a line, it can constitute from the strip line, a microstrip line, etc. 
[0028] 

Thus, in the oscillator circuit 10 of the constituted 1st operation 
gestalt, a loop-formation phase and a loop gain can be independently 
adjusted so that the oscillating condition in both with the inside of 
the air of a piezoelectric transducer 34 and a liquid may be realized. 
Thereby, the oscillator circuit 10 of the 1st operation gestalt can 
oscillate a piezoelectric transducer 34 certainly in air and a liquid 
(inside of a gas). Moreover, the oscillation stabilized also to the 
property of various liquids can be obtained. Therefore, reliable mass 



measuring devices, such as a chemical sensor, a biosensor, and QCM, can 

be easily formed by using an oscillator circuit 10. 

[0029] 

Drawing 7 is the block diagram of the oscillator circuit for 
piezoelectric transducers concerning the 2nd operation gestalt. In 
drawing 7 , the closed loop is formed of the 2nd phase-shifting circuit 
52 where the oscillator circuit 50 constitutes the amplifying circuit 20 
and the feedback circuit. The 2nd phase-shifting circuit 52 has the 
phase-shifting circuit section 54, the piezoelectric transducer 34, and 
the tank circuit 56. However, a piezoelectric transducer 34 may be 
arranged to the input side of the 2nd phase-shifting circuit 52. 
[0030] 

The phase-shifting circuit section 54 can be constituted like the 1st 
above mentioned phase-shifting circuit 26 and the 2nd above mentioned 
phase-shifting circuit 32. And the input side of the phase-shifting 
circuit section 54 is connected to the output terminal of the amplifier 
24 which constitutes the amplifying circuit 20. Moreover, one electrode 
of a piezoelectric transducer 34 is connected to the output side of the 
phase-shifting circuit section 54. The electrode of another side of a 
piezoelectric transducer 34 is connected to the input terminal of the 
amplifier 22 which constitutes the amplifying circuit 20. And the tank 
circuit 56 consists of a parallel resonant circuit of a capacitative 
element and an induction component, and the end is connected between the 
piezoelectric transducer 34 and the input terminal of amplifier 22. The 
other end of a tank circuit 56 is grounded through the capacitor 58. 
This tank circuit 56 is adjusted so that it may resonate on the 
frequency defined beforehand, i. e. , the oscillation frequency of a 
piezoelectric transducer 34. A capacitor 58 floats in direct current and 
grounds a tank circuit 56. 
[0031] 

In the 2nd operation gestalt, drawing 23 is what constituted the phase 
circuit section 54 of the 1st phase-shifting circuit 26 and the 2nd 
phase-shifting circuit 52 by the armature-voltage control phase-shifting 
circuit, and has the reactance control circuit of an armature-voltage 
control mold. Thereby, when immersed into a liquid, it does not depend, 
but it can be stabilized in the class of liquid and it can be made to 
oscillate a piezoelectric transducer 34. That is, the impedance 
characteristic of the piezoelectric transducer in a liquid changes with 
the wettability of a liquid to the condition of a liquid, and a 
piezoelectric transducer, the contact condition of the liquid on the 
front face of a piezoelectric transducer, etc. Then, the circuit 



constant of an oscillator circuit 50 can be finely tuned by preparing 
the reactance control circuit of an armature-voltage control mold for a 
phase circuit like drawing 23 . For this reason, it can be possible to 
stabilize the actuation in the liquid of an oscillator circuit 50, a 
piezoelectric transducer 34 can be stabilized certainly, and it can be 
made to oscillate. In addition, of course, the 1st phase-shifting 
circuit 26 and the 2nd phase-shifting circuit 32 of the 1st operation 
gestalt may be constituted so that it may have the reactance control 
circuit of an armature-voltage control mold. 
[0032] 

Drawing 8 shows the concrete example of the oscillator circuit 50 
concerning the 2nd operation gestalt. In drawing 8 , the reactance 
control circuit of the armature-voltage control mold which used variable 
capacitance diode, and the coil of a phase shift circuit element and the 
capacitor for a direct-current cut constitute the 1st phase-shifting 
circuit 26 and the 2nd phase-shifting circuit 32. In addition, it has 
connected with the output terminal of the amplifier 24 with which the 
buffer 12 for an output serves as an output terminal of an amplifying 
circuit 20 in this example. 
[0033] 

The 1st phase-shifting circuit 26 of an amplifying circuit 20 consists 
of variable capacitance diode 60, two coupling capacitors 62 and 64 
which cut a dc component, a coil 66 which is a phase shift component, 
and two resistance 68 and 70. That is, the 1st phase-shifting circuit 26 
is grounded through resistance 68 while having connected the anode of 
variable capacitance diode 60 to the output terminal of amplifier 22 
through the coupling capacitor 62. Moreover, while the cathode of 
variable capacitance diode 60 is connected to the input terminal of 
control voltage VC 1 inputted from the outside through resistance 70, 
the end of a coil 66 is connected. The other end of this coil 66 is 
connected to the input terminal of amplifier 24 through the coupling 
capacitor 64. Thus, variable capacitance diode 60 and two resistance 68 
and 70 constitute the reactance control circuit of an armature-voltage 
control mold. 
[0034] 

On the other hand, the 2nd phase-shifting circuit 32 has variable 
capacitance diode 74, two coupling capacitors 76 and 78 which cut a dc 
component, the coil 80 which is a phase shift component, and two 
resistance 82 and 84. The anode of variable capacitance diode 74 is 
grounded through resistance 82 while having connected with the end of a 
coupling capacitor 76. The other end of a coupling capacitor 76 is 



connected to the end of a coil 80. The other end of this coil 80 is 
connected to one electrode of a piezoelectric transducer 34. Moreover, 
the cathode of variable capacitance diode 74 is connected to the input 
terminal of control voltage inputted from the outside through resistance 
84 while having connected with the end of a coupling capacitor 78. And 
the other end of a coupling capacitor 78 is connected to the output 
terminal of amplifier 24. Thus, variable capacitance diode 74 and two 
resistance 82 and 84 constitute the reactance control circuit of an 
armature-voltage control mold. 
[0035] 

The electrode of a piezoelectric transducer 34 is connected to the input 
terminal of amplifier 22 through the coupling capacitor 86 and the tank 
circuit 56. The tank circuit 56 is the parallel resonant circuit which 
carried out parallel connection of the resistance 88 for adjusting the Q 
value of a tank circuit 56, a capacitor 90, and the coil 92. In addition, 
in order that a tank circuit 56 may prevent generating of an unnecessary 
oscillation in the case of an operation gestalt, the inductance of a 
coil 92 and the capacity of a capacitor 90 are set up so that the range 
of resonance frequency may become narrower. 
[0036] 

Next, the effect on the gain over the phase change to a frequency and 
frequency of the circuit to which a phase is changed is explained. 
[0037] 

Drawing 9 is only the 2nd phase-shifting circuit 32, and is drawing 
showing the condition of having changed the variation of a phase, after 
[ said ] adjusting an oscillator circuit 50 so that a piezoelectric 
transducer 34 may be oscillated in air as carried out, if immersed into 
a liquid, an impedance' s increasing, simultaneously the phase of a 
piezoelectric transducer 34 can seldom change, and cannot oscillate a 
piezoelectric transducer 34. Then, if the amount of phases of a feedback 
circuit is changed, it will become like drawing 9 only in the 2nd phase- 
shifting circuit 32, so that a piezoelectric transducer 34 may oscillate 
also in a liquid. For example, if the inductance of the coil 80 which 
constitutes the 2nd phase-shifting circuit 32 is adjusted and the phase 
of a feedback circuit is delayed, change of a phase will become large 
like Curve A to Curve B, Curve C, Curve D, and Curve E. When the phase 
of a feedback circuit is delayed, the width of face of the frequency 
from which a phase changes will spread. For this reason, it comes to 
oscillate also in the frequency which is separated from the oscillation 
frequency of a piezoelectric transducer 34. Therefore, the current which 
flows to a piezoelectric transducer 34 becomes small, and the stability 



of the frequency currently oscillated gets worse. That is, when it is 
used for the equipment which measures very small mass, a S/N ratio 
worsens and the accuracy of measurement falls. 
[0038] 

Drawing 10 is only the 2nd phase-shifting circuit 32, and is drawing 
showing change of the gain when changing a phase. If variation of a 
phase is enlarged by the 2nd phase circuit 32, in order that the 
impedance of a feedback circuit may also change, the gain of a feedback 
circuit also becomes large. For this reason, an unnecessary oscillation 
becomes easy to be generated and is not desirable. That is, if the coil 
for phase adjustment is used in order to enlarge change of a phase, the 
frequency which starts series resonance with the interelectrode capacity 
CO and the coil for phase adjustment of a piezoelectric transducer 34 
will occur. And the gain in this frequency may become larger than 1, 
when the gain of the whole oscillator circuit becomes large. In this 
case, since the coil for phase adjustment, the interelectrode capacity 
CO, and series resonance which are not mechanical vibration have the 
short start time of an oscillation, they may start an oscillation 
earlier than the oscillation of a piezoelectric transducer 34. Moreover, 
if the coil for phase adjustment with a big inductance is used in order 
to enlarge change of a phase, this coil, interelectrode capacity CO, and 
series resonating frequency will become low, and will become close to 
the oscillation frequency of a piezoelectric transducer 34. Therefore, 
before the gain of the series resonant circuit of the coil for phase 
adjustment and interelectrode capacity CO becomes easy to become large 
and a piezoelectric transducer 34 oscillates, the series resonance by 
the coil for phase adjustment and interelectrode capacity CO occurs. In 
addition, change of the phase shown in drawing 9 has doubled the phase 
in the frequency which is separated from resonance frequency to some 
extent as 0 times, in order to make a comparison easy. 
[0039] 

In order to cancel such nonconformity, he is trying for the oscillator 
circuit 10 and oscillator circuit 50 of this invention to adjust the 
phase of the whole loop formation of an oscillator circuit 50 with the 
amplifier 22 and 24 which served as the buffer of an impedance by the 
2nd phase-shifting circuit 32 and the 1st phase-shifting circuit 26 made 
to separate in impedance. That is, there is a limitation in adjusting a 
phase so that a piezoelectric transducer 34 can oscillate in mind and 
liquid by the 2nd phase-shifting circuit 32 established in the feedback 
circuit. Then, the whole phase shift conditions are moved to the place 
of a suitable frequency by the 1st phase-shifting circuit 26 established 



in the amplifying circuit 20. And the gain in a predetermined 
oscillation frequency is acquired by the 2nd phase-shifting circuit 26, 
and a phase is adjusted to 0 times. Thereby, when it is used for a 
measuring device, the good equipment of a S/N ratio can be obtained. 
Moreover, generating of an unnecessary oscillation can be prevented. 
[0040] 

Drawing 11 shows the phase change of the whole loop formation of the 
oscillator circuit 10 or oscillator circuit 50 by the 1st phase-shifting 
circuit 26. Even if it adjusts the reactance of the 1st phase-shifting 
circuit 26 and enlarges variation of a phase as shown in this drawing, 
the width of face of the frequency from which a phase changes does not 
spread. Therefore, the phase conditions of an oscillation of an 
oscillator circuit 50 can be fulfilled, attaining stabilization of the 
frequency which did not produce the oscillation in the frequency which 
is separated from the oscillation frequency of a piezoelectric 
transducer 34, and is oscillated, though the phase was changed by the 
1st phase-shifting circuit 26. And when changing a phase by the 1st 
phase-shifting circuit 26, it can avoid producing change on the gain of 
a feedback loop. For this reason, the phase conditions of the whole 
oscillation loop formation can be moved to the place of a suitable 
frequency by the 1st phase-shifting circuit 26. This becomes possible to 
adjust the phase conditions of an oscillation easily into air and a 
liquid by the 2nd phase-shifting circuit 52. Therefore, in air and a 
liquid, it can be stabilized and a piezoelectric transducer 34 can be 
oscillated. 
[0041] 

Moreover, it not only can prevent the series resonance of the 
interelectrode capacity CO of a piezoelectric transducer 34, and a coil, 
but in the oscillator circuit 50 of the 2nd operation gestalt, it can 
prevent the unnecessary oscillation which is not desirable as for 
parasitic oscillation, the spurious oscillation of a piezoelectric 
transducer 34, the feedback oscillation on a circuit, etc. by having 
established the tank circuit 56 in the 2nd phase-shifting circuit 52. 
That is, the gain of a closed loop which consists of an amplifying 
circuit 20 and the 2nd phase-shifting circuit 52 changes with tank 
circuits 56 like drawing 12 . If a tank circuit 56 resonates with 
resonance frequency when a tank circuit 56 is seen from the loop- 
formation side of an oscillator circuit 50 at this time, the impedance 
of a tank circuit 56 will become very large. For this reason, loss of 
the gain by the tank circuit 56 of a closed loop is 0. However, if the 
AC signal inputted into a tank circuit 56 shifts from the resonance 



state, the impedance of the tank circuit 56 seen from the closed-loop 
side falls rapidly, from resonance frequency, the AC signal (current) 
shifted will flow to the earth side through a capacitor 58, and the gain 
of a closed loop will fall. Therefore, by making the resonance frequency 
of a tank circuit 56 in agreement with the oscillation frequency of a 
piezoelectric transducer 34, the gain of the closed loop in frequencies 
other than an oscillation frequency can fall, and an unnecessary 
oscillation can be controlled. 
[0042] 

Drawing 13 is a flow chart which shows the adjustment approach for 
oscillating a piezoelectric transducer 34 in air and a liquid by the 
oscillator circuit 50. In addition, after adjusting drawing 13 in air 
first, it shows the procedure which adjusts a piezoelectric transducer 
34 in the condition of having been immersed into the liquid, and is 
adjusted so that it may oscillate certainly in both. 
[0043] 

First, a part of closed loop of an oscillator circuit 50 is opened, and 
it is made open-loop. For example, between the tank circuit 56 of an 
oscillator circuit 50 and amplifying circuits 20 is separated, it is 
made open-loop, and measuring instruments, such as a network analyzer, 
are connected to this separated part. And with a measuring instrument, 
an open-loop circuit property is measured and open-loop gain and a phase 
are computed (step 100). That is, a piezoelectric transducer 34 is 
excited in mind and liquid in the state of open-loop, and each exciting 
frequency is measured. And the gain and the phase operation process of 
asking for change of gain and change of a phase are performed. [ / near 
the frequency of the request which you want to oscillate ] In order to 
double calculation of the gain in open-loop [ this ], and a phase with 
the phase when considering as a closed loop, it amends in consideration 
of a difference of the impedance in open-loop and a closed loop. 
[0044] 

Drawing 14 shows an example which made the oscillator circuit open-loop 
and measured change of a phase. In this drawing, an oscillator circuit 
may oscillate in the frequency to which the curve of a phase change 
intersects 0 times. Then, next, as shown in step 102, it judges whether 
the phase conditions 1 are satisfied. This phase condition 1 is near the 
resonance (oscillation) frequency (principal vibration) of a 
piezoelectric transducer 34, and in each when oscillating a 
piezoelectric transducer 34 the inside of mind and liquid, by 0, a phase 
adjusts phase conditions in a frequency range higher than the frequency 
of a principal vibration instead of near the frequency of a principal 



vibration so that gain may become one or less. When the phase conditions 
1 are not satisfied, it progresses to step 104 and the 1st phase shift 
adjustment process is performed. This 1st phase shift adjustment process 
computes the amount of phases by the 1st phase-shifting circuit 26, and 
when it is made a closed loop, it changes the circuit constant of the 
1st phase-shifting circuit 26 in the state of open-loop [ of an 
oscillator circuit ] so that the phase conditions 1 may be fulfilled. 
For example, impedances, such as the coil 66 shown in drawing 8 or 
capacity 64, are changed. Thereby, as shown in the arrow head 115 of 
drawing 14 , the curve which shows change of a phase moves in the 
vertical direction, and becomes possible [ adjusting the phase in a 
desired frequency ]. And it returns to step 100, an open-loop circuit 
property is measured again, and it judges whether the phase conditions 1 
were fulfilled (step 102). 
[0045] 

When the phase conditions 1 are fulfilled, it judges whether it 
progresses to step 106 from step 102, and the phase conditions 2 are 
fulfilled. This phase condition 2 is that the phase is about 0 times on 
the frequency which asks for a piezoelectric transducer 34 in the 
frequency range where the phase near the resonance frequency of a 
piezoelectric transducer 34 changes a lot in each at the time of making 
it oscillate the inside of mind and liquid. When this phase condition 2 
is not satisfied, the 2nd phase shift adjustment process is performed. 
That is, the amount of phases of the 2nd phase-shifting circuit 52 is 
computed, and where an oscillator circuit is made open-loop, the circuit 
constant of the 2nd phase-shifting circuit 52 is changed so that the 
phase shift conditions 2 may be satisfied at the time of a closed loop 
(step 108). That is, the inductance of the coil 80 of the phase-shifting 
circuit section 54 shown, for example in drawing 8 is changed. And 
return, step 100 - step 106 are processed to step 100. 
[0046] 

If the phase conditions 2 are satisfied in step 106, it will judge 
whether the gain conditions 2 are satisfied (step 110). The gain 
conditions 2 are that the gain of a closed loop has become one or more 
in the condition of having satisfied the phase conditions 1 and the 
phase conditions 2. And when the gain conditions 2 are not satisfied in 
step 110, after processing step 108 which is a gain control process, it 
returns to step 100 and step 100 - step 110 are processed again. In 
order to secure the soundness of an oscillation of a piezoelectric 
transducer 34, it is made for negative resistance to become about 3 or 
more times of the impedance of a piezoelectric transducer 34 in 



adjustment of this gain. If the gain conditions 2 are satisfied in step 
112, it will progress to step 112 from step 110, and actuation will be 
checked. That is, an oscillator circuit 50 is made into a closed loop, 
and oscillation actuation is actually carried out in air and a liquid. 
Thereby, a piezoelectric transducer 34 can be certainly oscillated in 
air and a liquid. Therefore, a reliable mass measuring device can be 
obtained by using the oscillator circuit of an operation gestalt. 
Drawing 24 shows the condition of the oscillation in liquid the inside 
of the mind when doing in this way and adjusting an oscillator circuit. 
[0047] 

in addition, when immersed into a liquid, a property boils a 
piezoelectric transducer 34 variously and it changes with classes, 
conditions, etc. of a liquid. Then, by using the reactance control 
circuit of voltage adjustment for a phase-shifting circuit, it is 
stabilized easily, a piezoelectric transducer 34 can be oscillated, and 
an oscillation frequency can be stabilized. For example, as shown in 
drawing 25 , resistance 70 and 84 prepared between the cathode of 
variable capacitance diodes 60 and 74 and the volt input terminal is 
made into variable resistance. In addition, the resistance 202 and 204 
which connected the cathode of variable capacitance diodes 60 and 74 is 
resistance for dividing control voltage Vcl and Vc2. And a value with 
the control voltage Vcl and Vc2 when adjusting an oscillator circuit, 
for example and the resistance of variable resistance 70 and 84 are set 
up as initial voltage. And it is variable resistance so that it may 
correspond to property change in a liquid, when a piezoelectric 
transducer 34 is immersed in the liquid of arbitration. 
The set point is adjusted for the resistance of 70 and 84 as a core. 
Thereby, oscillation actuation in the liquid of arbitration is 
stabilized, and when it is used for a measuring device, the good 
measuring device of S/N can be obtained. 

In addition, the 1st phase-shifting circuit 26 may carry out the series 
connection of two or more amplifiers, may constitute them, and may be a 
time delay circuit by the delay element, the delay line, etc. Moreover, 
three or more are sufficient as the amplifier which served as the buffer 
of an impedance. 
[0048] 

Drawing 15 is the block diagram of the oscillator circuit concerning the 
3rd operation gestalt, and shows the example which constituted the 1st 
phase-shifting circuit 26 with two or more amplifier. The 1st phase- 
shifting circuit 26 which established the oscillator circuit 120 of this 
operation gestalt in the amplifying circuit 20 is formed with two 



amplifier 122 and 124. These amplifiers 122 and 124 may be an amplifying 
circuit with a transistor, an operational amplifier, the differential 
amplifier, ECL, PECL, etc. like amplifiers 22 and 24. And as for the 
oscillator circuit 120, the 2nd phase-shifting circuit 32 and the piezo- 
electric radiator 34 constitute the feedback circuit. The input side is 
connected to the output terminal of amplifier 24, and, as for the 2nd 
phase-shifting circuit 32, the output side is connected to the input 
terminal of amplifier 22 through the piezoelectric transducer 34. 
Moreover, the tank circuit 56 is connected between a piezoelectric 
transducer 34 and amplifier 22. This tank circuit 56 is grounded through 
the capacitor 58 again. 
[0049] 

Thus, the constituted oscillator circuit 120 adjusts the phase of the 
whole closed loop with two or more amplifier 122, 124 which constitutes 
the 1st phase-shifting circuit 26. And also in the oscillator circuit 
120 of this operation gestalt, the same effectiveness as the oscillator 
circuit of said operation gestalt can be acquired. In addition, the 
amplifier which constitutes the 1st phase-shifting circuit 26 may be 
three or more. 
[0050] 

Drawing 16 is the block diagram of the oscillator circuit concerning the 
4th operation gestalt. The amplifier 132 and 134 which served as the 
buffer of an impedance with which the oscillator circuit 130 concerning 
this operation gestalt constitutes the amplifying circuit 20 has the 
inversed input terminal, the non-inversed input terminal and the 
reversal output terminal, and the noninverting output terminal. 
Furthermore, the amplifier which has an inversed input terminal, a non- 
inversed input terminal and a reversal output terminal, and a 
noninverting output terminal constitutes the buffer 140 for an output. 
[0051] 

The electrode of another side of a piezoelectric transducer 34 and the 
end of a tank circuit 56 are connected to the non-inversed input 
terminal of the amplifier 132 which constitutes the amplifying circuit 
20. Moreover, while having grounded the inversed input terminal of an 
amplifier 132 through the capacitor 136, the other end of a tank circuit 
56 is connected. The input side of the 1st phase-shifting circuit 26 is 
connected to each of the noninverting output terminal of amplifier 132, 
and a reversal output terminal. Moreover, the output side of the 1st 
phase-shifting circuit 26 is connected to the noninverting close 
terminal of an amplifier 134, the inversed input terminal, and the non- 
inversed input terminal and inversed input terminal of the buffer 140 



for an output. And the noninverting output terminal of amplifier 134 is 
connected to the input side of the 2nd phase-shifting circuit 32. The 
output of an oscillator circuit 130 is taken out from the noninverting 
output terminal of the buffer 140 for an output. 

[0052] 

Drawing 17 shows the concrete example of the oscillator circuit 130 
concerning the 4th operation gestalt. In this example, the 2nd phase- 
shifting circuit 32 which constitutes the feedback circuit is 
constituted like the phase-shifting circuit section 54 of the 2nd phase- 
shifting circuit 32 of the 2nd operation gestalt shown in drawing 7 . 
Moreover, the parallel circuit of resistance 88, a capacitor 90, and a 
coil 92 constitutes the tank circuit 56. And a capacitative element, an 
induction component, variable capacitance diode, a delay element, an 
operational amplifier, the differential amplifier, etc. can constitute 
like the above the 1st phase-shifting circuit 26 which constitutes the 
amplifying circuit 20. Moreover, the differential amplifier may be ECL 
or PECL. 
[0053] 

Drawing 18 is the sectional view of the mass measuring device equipped 
with the oscillator circuit concerning either of each above-mentioned 
operation gestalt. This mass measuring device 150 has the case 152 which 
contained the oscillator circuit. The case 152 consists of the box-like 
case body 154 and box-like covering 156. Covering 156 is formed from the 
plate, and it has fixed watertight to opening of the case body 154 with 
adhesives 158, and is made for a sample solution object to have not 
permeated into the case. Moreover, the aperture 162 in which the piezo- 
electric oscillating piece 160 which is a piezoelectric transducer is 
exposed is formed in covering 156. 
[0054] 

In the case of an operation gestalt, the piezo-electric oscillating 
piece 160 processes an AT cut piezo-electricity diaphragm into the so- 
called reverse mesa mold, for example, it can be made to perform the RF 
oscillation of about 150MHz. And the piezo-electric oscillating piece 
160 has the excitation electrode 164 (164a, 64b) to both sides of the 
reverse mesa section. The induction film which is not illustrated for 
making the quality of a detection object in a sample liquid adhere is 
prepared in one excitation electrode 164a. The aperture 162 of covering 
156 exposes the induction film prepared in excitation electrode 164a, 
and is contacted on a sample solution object. And the piezo-electric 
oscillating piece 160 is fixed with electroconductive glue 166 around 
the aperture 162 in the medial surface of covering 156. 



[0055] 

The piezo-electric oscillating piece 160 has each excitation electrode 
164 and the connection electrode 168 (168a, 168b) formed in one. On the 
other hand, while having formed the circuit pattern section 170 formed 
with the conductive ingredient in the medial surface of covering 156, 
the IC chip 174 is fixed with adhesives 172. This IC chip 174 
integrated-circuit-izes above mentioned amplifiers 22 and 24, the above 
mentioned buffer 24 for an output, etc. of an oscillator circuit (for 
example, oscillator circuit 50 shown in drawing 7 ). And one connection 
electrode 168a of the piezo-electric oscillating piece 160 is 
electrically connected to the circuit pattern section 170 through 
electroconductive glue 166. While having formed the circuit pattern, the 
coil 66 of the 1st phase-shifting circuit 26 which is not illustrated to 
this Fig. , the coil 80 of the phase-shifting circuit section 54 which 
constitutes the 2nd phase-shifting circuit 52, etc. are arranged in this 
circuit pattern section 170. The circuit pattern section 170 is 
electrically connected to the IC chip 174 with two or more wires 176 
which consist of gold etc. Moreover, connection electrode 168b of 
another side of the piezo-electric oscillating piece 160 is electrically 
connected to the IC chip 174 with the wire 176. Furthermore, the case 
body 154 has a breakthrough 178 on a side face, and the cable 180 is 
connected to this breakthrough 178. The power-source line, the signal 
output line, etc. are unified, and, as for the cable 180, the head of 
these lines is connected to the IC chip 174. 
[0056] 

As the mass measuring device 150 which is such was shown in drawing 19 , 
the signal output line of a cable 180 is connected to a frequency 
counter 190. The output side is connected to the computer 192 and this 
frequency counter 190 inputs into a computer 192 the oscillation 
frequency of the mass measuring device 150 which carried out counting. 
And it is immersed in the sample solution object 196 with which the mass 
measuring device 150 is stored in the specimen container 194. The 
quality of a detection object in the sample solution object 196 is 
combined with the induction film prepared in excitation electrode 164a 
of the piezo-electric oscillating piece 160. A computer 192 calculates 
and asks for mass, concentration, etc. of the matter which were combined 
with the induction film (excitation electrode 164a) according to the 
algorithm to which the oscillation frequency of the piezo-electric 
oscillating piece 160 at the time of combining the quality of a 
detection object which a frequency counter 190 outputs was beforehand 
given as compared with the oscillation frequency (oscillation frequency 



before a detection object joins together) of criteria. In addition, you 
may make it an oscillator circuit contain only the piezo-electric 
oscillating piece 160 inside a case 152. If it does in this way, a case 
152 can be made small and arrangement and insertion into a minuter part 
will be attained. 
[0057] 

In addition, the concrete approach of the measurement by the mass 
measuring device 150 among liquid is performed as follows. First, the 
liquid (a solvent and solution) which does not contain the quality of a 
detection object in a specimen container 194 is stored, and the mass 
measuring device 150 is immersed in the liquid. And it waits to 
stabilize resonance of a piezoelectric transducer 160 in a liquid. If 
resonance is stabilized, this resonance frequency will be stored in a 
computer 192 as reference frequency. Then, carry out specified quantity 
addition, the liquid in a specimen container 194 is made to diffuse the 
sample (liquid) containing the quality of a detection object, and the 
quality of a detection object in the added sample is combined with the 
induction film 22 of the piezo-electric oscillating piece 160. 
[0058] 

In addition, you may measure as follows. First, two specimen containers 
194 are prepared, only the liquid (for example, water or alcohol) which 
does not include a detection object is put into one side, and the sample 
which made water or alcohol dissolve or distribute a detection object is 
paid to another side. And it sets in one container and asks for the 
reference frequency in the liquid of the piezo-electric oscillating 
piece 160 (oscillation frequency). Then, the mass measuring device 150 
is immersed into the sample of the container of another side, and a 
detection object is measured, thus, the thing to do — the concentration 
of a detection object etc. — more — accuracy — it can ask simply. 
[0059] 

Moreover, the mass measuring device 150 which made the quality of a 
detection object adhere or react to the induction film 22 beforehand is 
immersed in liquids, such as water or alcohol. Then, desorption or the 
chemical made to disassemble is added for the quality of a detection 
object into a liquid, and the quality of a detection object is removed 
from the induction film. Thereby, the amount of the matter combined with 
the induction film etc. can be measured. 
[0060] 

In addition, in connection with a piezoelectric transducer being 
miniaturized, the interelectrode capacity CO of a piezoelectric 
transducer becomes large, and the oscillator circuit of each of said 



operation gestalt can be applied also when change of the phase in a 

piezoelectric transducer is small. 

[0061] 

Moreover, although the case where the oscillator circuit concerning each 
above-mentioned operation gestalt was applied to the mass measuring 
device 150 which detects the special material in a liquid was explained, 
the oscillator circuit concerning this invention can be used for the 
measuring device which measures various kinds of very small physical 
quantity. For example, it is also possible to use it as an odor sensor, 
a moisture sensor, a plating thickness monitor, an ion sensor, 
viscosity/density meter, etc. First, what is necessary is just to apply 
to the front face of an excitation electrode the induction film which 
adsorbs the odor matter selectively, in using it as an odor sensor. 
Moreover, what is necessary is just to apply the water absorption film, 
in using it as a moisture sensor (refer to JP, 7-209165, A) . 
[0062] 

On the other hand, in using it as a plating thickness monitor, it 
immerses the piezoelectric transducer for mass measurement into plating 
liquid with a plating object. In this case, the resonance frequency of a 
piezo-electric oscillating piece falls with the increment in the plating 
thickness adhering to the front face of an excitation electrode. 
Therefore, the plating thickness of a plating object is detectable. 
Moreover, what is necessary is just to apply ion adsorbate as induction 
film, in using it as an ion sensor. And quantitative analysis of the ion 
in a specimen solution can be carried out by making ion stick to the 
induction film and measuring the frequency variation of a piezo-electric 
oscillating piece. 

In addition, like an odor sensor, when using it into mind, it is 
desirable to prepare the induction film in the excitation electrode 164 
of both sides of the piezo-electric oscillating piece 160. In this case, 
both sides of the piezo-electric oscillating piece 160 are exposed, and 
it is made to contact the odor matter. It can take for this combining 
with the piezo-electric oscillating piece 160, the amount of the matter 
can be made [ many ], detection sensitivity can improve, and the 
accuracy of measurement can be raised. 
[0063] 

It is also possible to, measure very small physical quantity other than 
mass with the mass measuring device concerning this invention on the 
other hand. The measurement principle in the case of using the mass 
measuring device concerning this invention for below as viscosity/a 
density meter is explained. Thickness slip vibration of the AT cut 



piezoelectric transducer is carried out along the front face. If it is 
immersed into a liquid and this AT cut piezoelectric transducer is 
oscillated, shearing stress will be produced between liquids. Then, the 
degree type showing the frequency variation by the viscosity of a liquid 
is drawn from the viscous formula of Newton, and the formula of an 
oscillation of a quartz resonator. 
[0064] 

[Equation 3] 



i 




[0065] 

However, for the variation of the resonance frequency of a piezo- 
electric oscillating piece, and fO, the initial value of the resonance 
frequency of a piezo-electric oscillating piece and eta are [ df / the 
consistency of a liquid and mu of the viscosity of a liquid and rhoL ] 
the elastics modulus of piezoelectric material, a top type — setting — 
the viscosity eta of a liquid, or either of the consistency rho[ of a 
liquid ] L — fixed, then either — another side and the variation of 
resonance frequency correspond to one to one. Therefore, it can ask for 
viscosity change of a liquid or consistency change of a liquid by 
measuring the variation of resonance frequency. 
[Brief Description of the Drawings] 
[0066] 

[Drawing 1] The block diagram of the oscillator circuit for 
piezoelectric transducers concerning the 1st operation gestalt. 
[Drawing 2] Drawing showing an example of the phase leading circuit 
which constitutes the phase-shifting circuit of an operation gestalt. 
[Drawing 3] Drawing showing an example of the late phase circuit which 
constitutes the phase-shifting circuit of an operation gestalt. 
[Drawing 4] Drawing showing an example of the resonance circuit which 
constitutes the phase-shifting circuit of an operation gestalt. 
[Drawing 5] Drawing showing an example of the reactance control circuit 
which constitutes the phase-shifting circuit of an operation gestalt. 
[Drawing 6] Drawing showing the example of a configuration of the 1st 
phase-shifting circuit concerning an operation gestalt. 
[Drawing 7] The block diagram of the oscillator circuit for 
piezoelectric transducers concerning the 2nd operation gestalt. 



[Drawing 8] The circuit diagram showing the example of the 2nd operation 
gestalt. 

[Drawing 9] Drawing showing the condition of having changed the phase by 
the phase-shifting circuit of a feedback circuit. 

[Drawing 10] Drawing showing change of the gain when changing a phase by 
the phase-shifting circuit of a feedback circuit. 

[Drawing 11] Drawing showing the condition of having changed the phase 
by the phase-shifting circuit of an amplifying circuit. 
[Drawing 12] Drawing showing the relation between the resonance 
frequency of a tank circuit, and gain. 

[Drawing 13] The flow chart of the adjustment approach of the oscillator 
circuit concerning an operation gestalt. 

[Drawing 14] Drawing showing an example of the measurement result of the 
phase change in an oscillator circuit. 

[Drawing 15] The block diagram of the oscillator circuit concerning the 
3rd operation gestalt. 

[Drawing 16] The block diagram of the oscillator circuit concerning the 
4th operation gestalt. 

[Drawing 17] The circuit diagram showing the example of the 4th 
operation gestalt. 

[Drawing 18] The sectional view of the mass measuring device concerning 
the gestalt of operation. 

[Drawing 19] Drawing showing an example of the busy condition of a mass 
measuring device. 

[Drawing 20] Drawing showing CI value change in the inside of the air of 
a piezoelectric transducer, and a liquid. 

[Drawing 21] Drawing showing change of the phase in the inside of the 
air of a piezoelectric transducer, and a liquid. 
[Drawing 22] The circuitry block diagram of an oscillator circuit. 
[Drawing 23] The explanatory view of an operation gestalt using a 
reactance control circuit. 

[Drawing 24] Drawing showing an oscillation condition with the inside of 
the air after adjustment, and a liquid. 

[Drawing 25] The explanatory view of the oscillator circuit 
corresponding to the property change in a liquid. 
[Description of Notations] 
[0067] 

10 50, 120, 130 — Oscillator circuit 

20 — Amplifying circuit 

22, 24, 132, 134 — Amplifier 

26 — The 1st phase-shifting circuit 



30 52 — Feedback circuit 

32 52 — The 2nd phase-shifting circuit 

34 — Piezoelectric transducer 

56 — Tank circuit 

150 — Mass measuring device 

160 — Piezoelectric transducer 

170 — Circuit pattern section 

174 — IC chip 
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&#Gfrifmi-&. ;<ofiffl*ffiii, ffiwatt-? 3 4 o4±s m^k (±si6 

mmcommm&T* < . ±mm<^mmt x 0 ^mmmmximtp 0 -e* m§ # 1 &t 

mz/css i ^fflnsnjg 5 „ i ogf 1 ^mmrnxmu , is 1 ms& 2 6 1 ± s © 

7 y)v-?°<7)im.x°m 1 ff ffl 2 6 <?) msugR s- ssz-t %>. mm. msiz^kLfz^j 

>V6 6fo%\M±mtL6 4%;£<^4>V—¥>^ : k 7 g.z_Z>« H14^EP1 1 

[0045] 

1 *VC^&*£\ Xf 771 0 2 fr^Xy- 7710 6 fcjffcX/Cti0B* 

fr2>&W^§fLTOS^S^2r¥'JI)T-r-So ^3ffl*#2{i. ffiSitB^ 4 £SW£:3& 

#ffi0E§5 2ofiffi*^*m mfr-y°cDk%tz&ffi3kft2Zffi&.~?& x o tz* %m® 

8) . M^«f08t^L^#fflIlIg&gP5 4<7)3>f;t^8OfO^>'^^^>X^^ 

-f-L-T, XfyTlOOCID, Xf 771 OO-Xf 771 0 6^IIM5 

[0046] 

x-f >y7i 0 6fc4j^Tfl[ffl*fl i 2iisjs.tfc ! Sr^fcr, 2 sw?*** 

«rT6 (Xt-771 1 0) . W«*fr2«. ^*frlfcffiffl*fr2i:*ajg.Ufc«JII 
fcfc^T. lfl^-7«flJf#^'llil±h^-oTV^i fcT&S. -tLT, 771 IOC 

ts ^ ^x 2 a«»ja. § tix v ^ v , %mmmxmx$> h x f - 7 7 1 0 s «ii * 

fr&^ytiD^ X-f 771 0 OCgotXf 771 0 O-Xf 771 1 0 O^ISrSgfi 

1H8ifcMEtHS«W- 3 4myt-^>x«3 ffflUKULh h^l.J:^:tS„ Xfv71 
1 2{Zi5\^XWi%^W2^m^Ltz^:h\f. Xf771 1 OKXf771 1 2CMt 

ISSitS i fc S.f^t. £l£BIR£>9Bg|llifr&fflV)& <r t tc =t 0 , fUfittoiSv* 

[0047] 

tt#« * tssflrr s . ; t\ ^ffl tues tmjEiiffico >j r ^ ^ >- ^wjffli ni» * ffl v ; t 

h„ mUi, H2 5^L^J;at. "ISSlfW ^f — F6 0, 7 4fl>;&y— Kfc*EEA 
TjS^ fc WiaORJtteJffiK 7 0. 8 4 £ «Mcfiftct-£ . Srfc . »H@SI^>f K 6 0 
n 74^#V-K£S«Ufcffifft2 02, 2 0 414, «H«EV al , V cl £4HWW-£fctf> 

^»Si7 0. 8 4c0jaK«h^DjaJSJ±t LTISStTfc<» LT. &.WMW) 

7 0 . 8 4^)ffiiiLffiSrlg^fitSr^i: LTtHlfi-f S . iixtii 0 . iiM^m^X^mm 
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mi#ffl0S£2 6(2. 9lfc^*1it§£itM»iSiLTf»£LTiJ:<. SBSftT-fci 
[0048] 

HI 5(2. SS3SISl9BBfc:ffi4«iiEIII<oro«y^HT?ft-5*C, SI 1 # ffl ESS 2 6 $■ * 
StOJMegfft =fc -5 Tffifig Lfc W* * Lit t> 5 . £ <9SUB£JRtf)3Hg[3K 12 011 
ifflSHSS 2 0 fctftfttrSS 1 #ffiESS 2 6 *t 2 OOJiltl^ 1 2 2. 1 2 4 (C X -o TffM L T 
iil^miSfll 2 2 , 1 2 4«. 2 4h|a|ttl(;. h5^^(Cj: 

SiWIIIIfik iflJPtNHI. JtftiMSIff. ECL, PECLf?Jbr»t±H. ^LT. 5611 
EHJ&l 2 011 ^fjs@S^B2^tSEES3 2fcJEE«IH^P3 4fc:J:r>T«jatT&&. IS 
2^fflHIi83 2(2. AM|iJ^'ti^2 4^m*ffi^W#^LTfeD. tttftHtfJEEWBHtf 
3 4*^LT«MHS2 2«A*iffPfc:SNS(LT»&. J±m»^ 3 4 fc fflSfff 2 2 

fccoHfcrti, ^>-^0S&5 6j&*HSKI/C*4. Z\co?>7®8&5 6(2. 4^n>-r>->f5 
8Sr^LTffitfiLTfc§o 
[0049] 

£<9J:3tc|fl£L!fcSHB@l&l 2 011 ttl&ffllslft2 6*»jSfCV^41BR««JS» 
1 2 2, 1 24 tz X -?Zffl>U-y°£fac7)imi:mm~t& . -€-L"t. £<Z)£ftilgffi0$HftI| 

ss 1 ^ffls» 2 6 ^ffiBSct-^. m 3 ojsiiitr* -3 t t * v * . 

[0050] 

01 6(2. S54StSI9KllltffiSfHSIllJ!Korn.y^Eatrft«. i<omBBJBfcffi««S 
®jf&l 30(2, tgi|iIlIS&2 0^ffiB!cLTl->l»>f >-t°— ¥>Xcr>s-s-yyT*Mi3ifzmm$sl 
3 2. 1 3 4**R|gA*#Pi:*KEX*#F. fe±tf^atfJ#f fc^RISatfjWPi: 

[0051] 

*K0H*2O£«J£LT^&«9IB5&1 3 2<^^K(E7Jj*Pfc:tt, Klff3 4»l 
=Flt. ay^y+ri 3 6 £tf-LTiiiffiLT£>£ i: £: it. HS& 5 6 ofl&ffi^ficM L 

<9**i^£«S«LT2&4. il ^ffl0»2 6<Oft73fiJJ2. iHH&l 3 4<0^RHk 
Aifff fcRl£A3J#f , «t tfi&ftffl^ -/ 7 r 1 4 ow^MIkA^SS? hUMXti^ k 
fcSBttl/C**. ^LT. JtNgggl 3 4 c^SyBgft^S^il H2^fflEB3 2^A*flffl 
fcHBRLT**. f6iS0{E&l 3 0 coffin (i, tB^ffl^'-y^r 1 4 0 <0^^RK6aj*iffP*» 6 

[0052] 

JBOSS2^fflHFfi&3 2^fflHlBg|I5 4i:l^at:«jRLT*>&. ? y ? 0S& 5 6 (2 

. ffiK8 8fca>'7 : >^9 0ta-f^9 2i;^#? r iJ[I]ffS^ £ i:'5T«)3!cLTV^„ LT . 
«Jlilll»2 0*«jSLT^&flSl»fflllI»2 6ti s ffiiefcR«fc««*^ "T 

■6. Hi&tilH^i. ECLj«iPECLt"J)-5Tii^„ 

[0053] 

hi 8(2. ^ii^mmwmco^rtitHzmh^mmm^m^zmAm^mcommm 

X'foh* uWfilgltl 5 0(2. »SHg»£JKHlLfc^-* 1 5 2^t«. ^-x 
1 5 2(2. ffi^cO^-— X3(£ft 1 5 4h^?A-i SetK^otUS. 1 5 6(2. 

TK^ffMLT T . gttfflll 5 8tJ:-3T^-X3(5ftl 5 4tf>BHn«te*«fc:H* 
LT^O. mmifc&5--xfal,ziiAL%:^£5t,zLXfo&<, ifc, 1 5 6(:(1 
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ffiWEMHPC* h EMMMFr 1 6 0 SrSft £ -tf & 1 6 2 tmjS. LT & & . 
[0054] 

fri 6 o«, m^^m^mmizmmmmi 64 ( i 64a. 64b) £wltv>& 0 —jj 

JR6*RttTi54. 1 5 6C0S16 214. IDfiWBl 6 4 a fcRW;j»j61R£JSifi3 

KWiaE«cfc:iSlt$*ft. ffiiKSSWn 6 0(4. 5 6«ort«E£fc(t 

&m 6 2<7)mmizmmt±mmmi 6 6t,zx->xmmLxhh. 

[0055] 

Efl:ffit&>T" 1 6 o (4. &mnvM 1 6 4 tttjasLfcasw* 1 6 s ( 1 6 s a . 

168b) -2r. 5 6<Dfi{|iJffi(c(4. «t*tttmfe:J:0»JStfcigB 

vasi 7 0 3MRttTftSi:fct>fc:, ffi*Wl 7 2(CioT I CfyTl 7 4j& s EH£ 
:<OICf771 7 4(4. fflriELfcSHilHiB ($U.J4*. H7fc*L3tfHil3» 

50) co±iti^2 2. 2 4 j i>aj*ffl^y7r2 4*iftJiaiiii»fl:tfct>o , c*«. -et- 
t. j±«»fr 1 6 ovy-ijcDmmmm 1 6 8 ai±, mw**->m i 7 0 twist* 
mi 6 6*^L"r«stwfc:aaiLT*4. i^m^^^-ygpi 7ocit lEn^-y 

*WU$)Sf;H(:, *0(d2^L&^SIl#fB0fi&2 6 <z> 3 -f 6 6^. 8S2=£ffl 
HI»5 2tfl!rtLTV^Sfffl|lIBat54W3>f7l'80!SrifA*KRLT*S. mW*?-> 
Sffl 7 0(4. A*Jf3&><a4&S»<OV>f'¥l 7 6fcJ: o T I C f- -y 71 7 4 fc*»«fcS! 
SgcLT&S, ifc, I C + vT\ 74t(4. BMMWjKl 6 OCDffijj&mWiVMl 68b 
tP7 -f -V 1 7 6 (c «t oT«aWtS8RLT* S . § & ^--X^fr 1 5 4 (4. ffllffitS 
ilfLl 7 8Sr^L. ZCOMMKl 7 8(cW;H 8 Oj&qgi&L ^-/;H8 0 

(4. M«^#ffi**fc£j&*^flS§*i. , t;fe'5, ift6fflHffljt*6 , ICf77174 
(^Bc&n; L-*C «■> ■!> « 
[0056] 

icDidfc&^TUSItKliJJggMl 5 0(4. HI 9(c^L^4dt. ^-7';H8 0 

coM#as*«* t «aatoir'>v^ 1 9 oti«M$ti&, iowaa**?;^ 1 9 0(4. mij 
i^yti-^ 1 9 2 fc:SsggLT£> 0 , fHRLfc«M«!l5EliH 1 5 oa%SiJ3IS8&£' n 

>h° A -^l 9 2CA7J«. *l/C, KJHttg&Sl 5 0(4. 9 4tjffffL 

T**KflMEttl 9 6fc«aiS#i*. itft&frl 9 6*c^ffiMM#if(4. JiWiiW'rl 
6 O^iitSl 6 4afcR(tfe«l6JRtaKf^*. ^>ta-^ 1 9 2(4. Jli£it?W 

fcT/l^yXkfcfl!oT«[EIt (HlSl64a ) fcf^L^WHOSS^t^S:^ 
a»LT««>4. 44i, ftfilllRti:, JEmffiW^l 6 OcO^Sr^-X 1 5 2 «Ort»t=JD0rt 

[0057] 

WiMSSSBl SOSSft^. fit, ^*+tfc^TJ±«»^ 1 6 0«1cS 
-f-i>^i&#o„ ft«#38£Lfc6, £^ftJSB«R£:3yt*.-*l 9 2(cK*S^f4i; 

[0058] 

5r*5, &c04o(c«iJgLTi>4l^ S-T. Kft&fltl 9 4^2offlKLTi>S. — 2rfc 
^(4r^3^(c^m»M#^J§Wi^(4^S4i:/tlfif4^Ati^„ L"C . -^Sti 
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r> l,z-f& Z k izJ: 0 „ #iaj*fi»««3rk£- =fc 0 lEflL IWifcSfti; k 5 . 
[0059] 

X^fz SMCoMS: k £ PJS"T hz\t ifiT * 5 . 
[0060] 

mm~tz>ztt> i x%&. 

[0061] 

^ 'y ^mj¥^-^ , w * y-fe vu\ ftAE/watt-* if k Lxmm^-z c\ti> ^imx-fo & . 

tWfil^ (#Hf7- 2 0 9 1 6 5*HMBiim) . 
[0062] 

ink k tC, £*m*tf>&^tBfctffiT*-4 . U^t, ^ v*H*1iKO* y^lB 
tOJlJilSffi 16 4 tciSJ£JK2r ISttft £ k U •> . £ <7)i§-£ s ffiSittlV 16 0 «WB 

& iiza \ < -ts ; k a**c* , ttmaab^fti ltsjjsws^ ±tf § ; t tfx- 

[0063] 

[0064] 
[1*3] 



[0065] 

fzfz U df l4£E«HB^ftfiHIJHR<^E{t», f 0 ttffiWHHlfr^)ftfiHliS3R<0*fflH 
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[0066] 

[mi] m i mmmhz^Bmmm^mwmmwkcoru y?m. 
[ 02 ] mmmm^m ®& & matt & mm bbo-w * ^0 . 
[ H3 ] mm&m<7fim mm z mm-t * hko— « s- . 
[ 04 ] mmmm^m mm -s> ^shr^— w *■ ^0 . 

[05] MW^jOf#ffl@^*«^^ 'JT??y*frJ#P[IIKOH^£^-f0o 
[06] ggfbBJB£ffi*£g; 1 SffflHB^oflliSWtjj^rH. 
[07] m2HSBBJBWcffi*JEEWg»^ffllHSIlFB^^n 
[08] m2HJfi^SlOi#:^iJ^^Eif&0. 

[010] !i*anis&^fflEi»^j: ^m&zmtzittzb^mmcomkz^tm* 

[011] ±MfI@^^ffl0f&tJ; OffifflSSBftS^^OBt^EI. 

[012] 9>?®w>2M>RmLtm%t<mm*wctm. 
[013] saiMtffi&i^iiiJB^ia£*^)7o-^-ir- b . 
[ 014 ] %mmmz& n t mm.immm^^-m^^m. 
[015] m3mmmmwmm§.mm7v >y?m» 
[016] m4mmmmiz\mmmm<7)7'v v?m» 

[017] H4HJfiff^tfOA*f?iJ*^Illg&0. 

[ 018 ] mmmmizffi & mmmmmmcowmm* 

[019] «MiI!lS^a^ffiffl«ffic ? )-M^^0 o 

[020] JEmigHr^fD^tffcfflEfr+fcTcoc I fWJSBffcfrjSTEI. 

[ 021 ] j±mst!j^ com%^ t ffifatp t t««^ts. 

[022] ^S0l&«0S#«fiE7"o>/^0 o 

[023] u 9 y^mmmm^m^mtmm^wimm. 
[ 024 ] immzisif&Gsz'p t mft* t commm^-rm. 
[ 025 ] mik* t *j tt s #i3Mt;*f je-t * smmtiwfflm . 

[0067] 

1 0. 5 0. 1 2 0. 1 3 O---|SJg0g& 

2 O-tffl@0B& 

2 2. 2 4. 1 3 2, 1 3 4-4MHS 

2 l^fflHIK 

3 0. 5 

3 2. 5 2-SS2#ffimi& 
3 4-"JE«iit!j^ 
5 6 — ?>7m$& 
1 5 0--«Sil^S 

1 6 0 ■ ■ -JEEWSaH^ 
l 7 o---E^^— ygp 

1 74- I CfyT 
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[HI] 



10 : 
20 : 
22, 24 
26 : 9S1 



30 : mmm 
34 : t±mmm^ 



10 





[03] 



11} 



/77 

[04] 

(1) 



(2) 



(3> 



Hh 



(2) 



(3) 



JYY\. 




i2) 




ST? 
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[09] [011] 
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[013] 



c 



START 



100 



3 



102 



1Q6 



110 



112 





Y 




i 






N 



104 



N 



108 



S&2«;*b|5]bm)&4s*c!> 



"9 s. 



[014] 

100 

80 

60 
^ 40 
W 20 

an 0 

-40 
60 

-80 
-100 
135 



[015] 



crt? 




135.5 136 136.5 137 

IMt (MHz) 



120 



137.5 138 




[016] 



[017] 



130 



! 134 
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[HIS] 



1 56 \ 172 170 16 8a 



166 



180 




15S 



152 



[019] 



tso 



194 





196. , 



15Q 



160 




147.8 



[021] 



m 



148 148.2 

in^ik (mhz) 



148.4 




147.8 



148.2 



148.4 



148.6 



[022] 



[024] 



[023] 




OUT 





& 










■s- 




















i 1 - 





5 



-of 



o 

CO 



o 
o 
in 

CvJ 



o 
o 
o 

CM 



o ^ 
o 



o 
o 
o 



o 
o 

10 



o 



CM 

5 
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[1125] 
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(51) Int. CI . 7 

H 0 3 H 9/02 
H 0 3 H 9/13 



F I 



f-va-F (##) 



HO 3H 
HO 3H 
HO 3H 
H 0 3 H 
HO 3H 



7/20 
7/20 
7/20 
9/02 
9/13 



D 
E 
F 
M 



